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(54) MANUFACTURE OF UNEVEN ELECTRODE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To form an uneven electrode where the 
pitch of unevenness is controlled, by fusing the metallic film on a 
substrate and giving vibration to the fused metallic film thereby 
generating stationary waves, and next, cooling it. 
SOLUTION: A metallic film 2' consisting of Ag, Al, or the like 1jim thick 
is made on the substrate 1 consisting of glass or the like. The metallic 
film 2 is heated and fused by a heater. The fused metallic film 2' is 
vibrated by ultrasonic wave generators 1 1 and 11. Making the 
frequency of the ultrasonic wave generators 1 1 and 1 1 the same at 
this time will let the applied ultrasonic waves interfere with each other 
and generate stationary waves on the surface of the fused metallic film 
2', and it will show periodic uneven form. An uneven electrode 2 which 
has uneven face with an equal size can be made by blowing nitrogen 
gas against the fused metallic film 2' so as to cool it. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the concavo-convex electrode characterized by manufacturing the concavo- 
convex electrode by which concavo-convex spacing was controlled by being the manufacture approach of a concavo- 
convex electrode of manufacturing the concavo-convex electrode which consists of a metal membrane and has a 
concavo-convex front face on a substrate, giving an oscillation to this fused metal membrane, generating a standing 
wave while fusing said metal membrane on said substrate, and subsequently cooling. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of manufacturing the concavo-convex electrode by which 

concavo-convex spacing was controlled on the substrate. 

[0002] 

[Description of the Prior Art] If it is in the photoelectromotive-force equipment which has the photo-electric-translation 
layer which consists of the amorphous semiconductor represented by amorphous silicon, by irregularity-izing the front 
face of the electrode arranged on an optical incidence [ of the photo-electric-translation layer ], or light transmission 
side, the optical confinement effectiveness within said photo-electric-translation layer is increased, and the technique of 
raising photoelectric conversion efficiency is known. 

[0003] And in case the translucency electrode which consists of Sn02, ITO, etc. as an optical incidence lateral 
electrode is formed on a substrate in irregularity-izing the front face of the electrode arranged on the optical incidence 
side of a photo-electric-translation layer, irregularity-izing a front face is performed by controlling the formation 
condition. 

[0004] Moreover, in irregularity-izing the front face of the electrode arranged on a light transmission side, the approach 
indicated by JP,4-2 1 8977, A, for example is learned. 

[0005] Drawing 3 is component structural drawing classified by process for explaining how irregularity-izing the front 
face of the electrode arranged on this light transmission side. 

[0006] First, in the process of drawing 3 (A), it forms by using vacuum deposition or a spatter at 300 degrees C - 450 
degrees C, and depositing 1st silver larer 2a in the growth rate of about 1 OA/second on the substrate 1 which consists of 
SUS, at the thickness within the limits of 250A - 800A. 

[0007] thus, by making formation temperature into 300 degrees C - 450 degrees C, 1st silver larer 2a formed on the 
substrate is condensed locally, and as shown in this drawing, it has a concavo-convex front face - half— it becomes a 
layer [****]. 

[0008] Subsequently, in the process of this drawing (B), the 2nd silver larer 2b [ **** ] which has uniform thickness 
substantially is formed on said 1st silver larer 2a by depositing on the thickness of 300A - 500A in the growth rate of 
about 1 OA/second by vacuum deposition or the spatter at the substrate temperature which is 100 degrees C - 260 
degrees C which condensation does not produce. 

[0009] And the concavo-convex electrode 2 with which the front face was irregularity-ized is formed with said 1st 

silver electrode layer 2a and 2nd silver electrode layer 2b. 

[0010] 

[Problem(s) to be Solved by the Invention] However, it was difficult to form the concavo-convex electrode which has 
the concavo-convex field of uniform magnitude by ** et al. and the above-mentioned conventional approach as shown 
in drawing 3 . 
[0011] 

[Means for Solving the Problem] In order to solve this technical problem, while being the manufacture approach of a 
concavo-convex electrode of manufacturing the concavo-convex electrode which the manufacture approach of this 
invention irregularity electrode consists of a metal membrane on a substrate, and has a concavo-convex front face and 
fusing said metal membrane on said substrate, an oscillation is given to this fused metal membrane, and a standing 
wave is generated, and it is characterized by to manufacture the concavo-convex electrode by which concavo-convex 
spacing was controlled by subsequently cooling. 
[0012] 

[Embodiment of the Invention] As the 1st operation gestalt of this invention, the manufacture approach of this 
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invention irregularity electrode is explained with reference to drawing 1 . 

[0013] Drawing 1 is an explanatory view for explaining the process which manufactures a concavo-convex electrode 
using this invention manufacture approach. 

[0014] First, in the process of this drawing (A), metal membrane 2' which consists of Ag of 1 micrometer of thickness, 
aluminum, etc. with a spatter, vacuum deposition, etc. is formed on the substrate 1 which consists of glass, the 
ceramics, resin, or SUS. 

[0015] Subsequently, in the process of this drawing (B), it heats at the heater which does not illustrate said metal 
membrane 2', and fbses. What is necessary is just to adjust the temperature of heating according to the ingredient of 
metal membrane 2'. For example, what is necessary is just to heat at about 1000 degrees C, since the silver melting 
point is 962 degrees C when Ag is used as an ingredient. Moreover, what is necessary is just the approach of heating to 
the temperature which metals, such as not only heater heating but alternating current magnetic field impression, fuse as 
the approach of heating. 

[0016] And an oscillation is given to metal membrane 2' which carried out [ above-mentioned ] fusion with sonicators 
1 1 and 1 1 . If the frequency of sonicators 1 1 and 1 1 is made the same at this time, the impressed supersonic wave will 
interfere each other, a standing wave will occur on the fused front face of a metal membrane 2, and a periodic concavo- 
convex configuration will be presented. 

[0017] The wavelength lambda of this standing wave is expressed with several 1 when the frequency of the supersonic 

wave to impress is set to nu. 

[0018] 

[Equation 1] 
v 

x ■ 

V 

[0019] v is the acoustic velocity in the fused metal here. Generally, the acoustic velocity in molten metal is 103 - 104 
m/s, and if it assumes that it is 103 m/s, it can generate the standing wave whose wavelength is about 1 micrometer by 
using the supersonic wave which has the frequency of 1GHz. 

[0020] And in the process of this drawing (C), the concavo-convex electrode 2 which has the concavo-convex field of 
uniform magnitude with a wavelength of about 1 micrometer can be formed in the fused metal membrane which has a 
periodic concavo-convex configuration on a front face by cooling blasting this metal membrane 2 f for nitrogen gas. 
[0021] Since a standing wave is generated and it subsequently cools by giving an oscillation into molten metal in this 
invention as explained in full detail above, the concavo-convex electrode which has the concavo-convex field of 
uniform magnitude can be formed. Furthermore, since the wavelength of a standing wave is controllable to arbitration 
by adjusting the wavelength of the oscillation to impress, it can obtain the concavo-convex electrode by which 
concavo-convex spacing was controlled by arbitration. 

[0022] In addition, in cooling fused metal membrane 2\ liquids, such as water and alcohol, may be used instead of 
spraying nitrogen gas, and where a supersonic wave is impressed, stop annealing of the heating may be carried out. 
[0023] Moreover, with the 1st operation gestalt mentioned above, as shown in drawing 1 (A) and (B), respectively, the 
separate process performed the formation process of metal membrane 2', and heating and a melting process, but in the 
condition of having heated impressing a supersonic wave to a substrate 1, even if it forms metal membrane 2' with a 
spatter or vacuum deposition, the same effectiveness is acquired. 

[0024] Or instead of forming metal membrane 2' using a spatter or vacuum deposition, while considering as metal 
membrane 2\ sprinkling two or more metal grains, and heating and fusing this on a substrate 1, a supersonic wave may 
be impressed, and a front face may be made to produce a standing wave. 

[0025] Furthermore, if in impressing a supersonic wave a supersonic wave is impressed where the field lay length of a 
substrate 1 is fixed, a metal membrane 2* front face can be made to generate a standing wave by one set of an ultrasonic 
generating machine, and equipment cost can be reduced. This example is shown in drawing 2 . said - drawing - (- A - 
-) - a substrate - one - countering - two - a side - heights - one - A - one - A - having prepared - an example — 
it is - said - drawing - (- B — ) a substrate - one - countering - two - a side - an outside a supersonic wave — 
an echo - ** - a reflector - one - A - 1 - one - A - 1 - having prepared - an example - it is . 
[0026] Next, photoelectromotive-force equipment was manufactured using the concavo-convex electrode created with 
the above-mentioned operation gestalt. 

[0027] Drawing 4 is cross-section component structural drawing of the photoelectromotive-force equipment using the 
concavo-convex electrode by this invention. 

[0028] In this drawing, 1 is a substrate which consists of SUS which covered the front face by insulator layers, such as 
Si02 and SiN, and 2 is a concavo-convex electrode by this invention, and it consists of Ag. 3 is a photo-electric- 
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layer which consists of an amorphous semiconductor formed on this concavo-convex electrode, and 
^ntial formation of 3n of amorphous silicon layers of n mold of 200 A of thickness, amorphous silicon layer of i 
mold of 4000 A of thickness 3i, and the amorphous silicon carbide layer 3p of p mold of 100A of thickness is carried 
out, and it changes. Moreover, 4 is the translucency electrode 4 which consists of ITO of 700A of thickness formed on 
said photo-electric-translation layer 3, and 5 is the collector of the shape of a tandem type which consists of Ag formed 
on this translucency electrode 4. 

[0029] In the photovoltaic cell of this structure, by setting to 2GHz and 1GHz the frequency of the supersonic wave 
impressed in the case of manufacture of the concavo-convex electrode 2, the magnitude of a concavo-convex field 
manufactured the photoelectromotive-force equipment used as about 0.5 micrometers and 1 micron, and compared the 
short-circuit current and photoelectric conversion efficiency. Moreover, instead of the concavo-convex electrode 2, the 
front face also produced the photoelectromotive-force equipment which used the flat electrode, and measured a short- 
circuit current and photoelectric conversion efficiency. The result is shown in a table 1. 



[0030] 
A table 11 




(DA/CO 2 ) 
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1 7 


1 0. 7 




1 6 


1 0. 1 



[003 1] The short-circuit current higher than the photovoltaic cell using an electrode with a flat front face was acquired, 
and, as a result, the photovoltaic cell by this invention was able to acquire high photoelectric conversion efficiency as 
shown in a table 1 . 
[0032] 

[Effect of the Invention] As stated above, while being able to obtain a concavo-convex electrode with concavo-convex 
uniform spacing according to this invention manufacture approach, the concavo-convex spacing is controllable to 
arbitration. 



[Translation done.] 
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